Background/Aims: Alpha-fetoprotein-producing colorectal cancer (AFPP-CRC) is quite rarely seen. This study aimed to elucidate the clinicopathologic characteristics and prognostic factors of AFPP-CRC. Methods: Among 5,051 colorectal cancer patients receiving surgery in the Fudan University Shanghai Cancer Center from 2006 to 2016, we identified 78 patients with elevated serum level of AFP (>10 µg/L) preoperatively. A propensity score matching (PSM) analysis was performed which matched 75 AFPP-CRC patients to the same number of AFP-negative colorectal cancer (AFPN-CRC) patients. Kaplan-Meier curves were compared using the logrank test and multivariable analysis was performed to evaluate the effect of AFP-positivity while adjusting confounding factors. 27 patients were available for immunohistochemical analysis. We conducted functional experiments to characterize the tumorigenicity of AFP. Results: Patients with AFPP-CRC had a significantly higher incidence of advanced TNM stage and liver metastasis. Overall survival was significantly different between two groups before and after PSM, and AFP-positivity was one of the strongest predictors of overall survival in the multivariable model (HR 4.11, CI 95%: 1.43-11.76, p = 0.009) after PSM. We further investigated prognostic factors affecting prognosis in AFPP-CRC and found that the presence of liver metastasis was the only independent prognostic factor (HR 4.95, p = 0.009). AFP expression was significantly positively correlated with HGF and c-Met expression. Transwell invasion assay revealed significantly increased cell motility with AFP overexpression. Conclusion: AFP-positivity is a significant negative predictor of overall survival in patients with colorectal cancer, which may be mediated by HGF/c-Met signaling pathway.
Introduction
Alpha-fetoprotein (AFP) was first described in 1963 by Abelev et al. and is normally produced in the fetal liver and yolk sac [1] . AFP in human fetal blood rises rapidly from the end of the first trimester and begin to fall after 32 weeks of gestation. After birth, serum AFP level continues to fall with a half-life of 3-4 days, and by the second year of life to the normal range [2] [3] [4] . Some tumors were found to produce AFP which lead to an increase in serum AFP levels. Therefore, AFP is considered as a reliable tumor marker in the diagnosis of tumors, such as embryonal testicular tumors, hepatocellular carcinomas, and yolk sac tumors [5] [6] [7] . Apart from these classic tumors, AFP has been detected in several other organs, and recently reported cases of AFP-producing tumors of the stomach [8] , pancreas [9] , bile duct [10] , lung [11] , kidney [12] , and ovary [13] have increased. Alpha-fetoprotein-producing colorectal cancer (AFPP-CRC) is extremely rarely seen and only 16 cases could be referred to in the English literature to date [14] [15] [16] . In 1985, Nakajima [17] first reported a patient of AFP-producing rectal cancer bearing liver and lung metastasis. Since then, scattered cases of AFPP-CRC have been reported, and these case reports showed that it was always associated with later stage, lymph node metastasis, liver metastasis, and dismal prognosis [14] . At present, to our best knowledge, there is no consistent definition for AFPP-CRC. 14 out of these 16 patients had elevated serum levels of preoperative AFP and the tumor cells did not always produce AFP consistently [15] .
AFPP-CRC shows aggressive characteristics and is prone to have liver metastasis and lymph node metastasis. Thus, accordingly, AFPP-CRC bears an extremely poor prognosis. However, all previous studies are case reports and the pathogenesis and clinical characteristics of AFPP-CRC remain elusive. To improve understanding of AFPP-CRC, we retrospectively reviewed the clinicopathologic features and prognostic factors of a consecutive series of 78 AFPP-CRC patients in the Fudan University Shanghai Cancer Center. We hypothesized AFPpositivity was a significant negative predictor of overall survival in patients with colorectal cancer, and may be correlated to liver metastasis.
Materials and Methods

Patients
Between 2006 and 2016, in the Fudan University Shanghai Cancer Center, 5, 051 patients with histologically confirmed colorectal cancer underwent primary excision. Data was retrieved from patients' in-patient records and pathological reports, and follow-up data was obtained by phone and the out-patient records. Serum AFP was tested in all of these patients preoperatively and was considered as AFP-positive when elevated serum AFP levels (> 10 µg/L) were detected. Multiple phases MRI or CT with contrast were done in every case. Patients with hepatic disease, such as chronic hepatitis, fatty liver, or hepatocellular carcinoma, were excluded from this analysis. Patients who had undergone preoperative chemo-or radio chemotherapy were excluded. Finally, 78 patients were identified as AFP-positive. Of 78 patients AFPpositive patients, only 27 cases were available for immunochemically staining in our pathology department. Informed consent had been obtained and this study was approved by the institutional review board of the Fudan University Shanghai Cancer Center.
Immunohistochemistry (IHC)
Immunohistochemically staining was performed according to standard protocol. Briefly, paraffinembedded samples were cut into 4 μm sections and placed on polylysine-coated slides. Paraffin sections were baked overnight at 58°C, de-paraffinized in xylene, rehydrated through graded ethanol, quenched for endogenous peroxidase activity in 0.3 % hydrogen peroxide at 37 °C for 15 min, and processed for antigen retrieval by high pressure cooking in citrate antigen retrieval solution (pH= 6.0) for about 10 min. Sections were incubated at 37 °C for 1.5 h with rabbit polyclonal antibody against AFP (1:400, Dako, DK-2600 Glostrup, Denmark), HGF (1:100, Proteintech, 26881-1-AP) and c-Met (1:100, Proteintech, 25869-1-AP) in a moist chamber. Immunostaining was performed using the EnVision+System-HRP (AEC) (K4005, Dako, Glostrup, Denmark), which resulted in a brown-colored precipitate at the antigen site. Subsequently, sections were counterstained with hematoxylin (Sigma-Aldrich, St Louis, MO, USA) and mounted in a non-aqueous mounting medium. All runs included a no primary antibody control. The immunohistochemically stained tissue sections were scored separately by two pathologists blinded to the clinicopathological parameters. The staining intensity was scored as 0 (negative), 1 (weak), 2 (medium) or 3 (strong). Extent of staining was scored as 0 (<5 %), 1(5-25 %), 2 (26-50 %), 3 (51-75 %) and 4 (>75 %) according to the percentages of the positive staining areas in relation to the whole carcinoma area. Scores for staining intensity and percentage positivity of cells were then multiplied to generate the immunoreactivity score (IRS) for each case. Samples having a final staining score of ≤ 4 were considered to be low and those with score of > 4 were considered to be high.
Cell culture
The human colorectal cancer cell lines (RKO, LoVo) were originally purchased from the American Type Culture Collection (Manassas, VA, USA). All cell lines were cultured in medium (DMEM/F12, Hyclone) according to the Defense Technical Information Center recommendation supplemented with 10% FBS (Gibco, Life Technology, Austria), 1% penicillin/streptomycin in a humidified 5% (v/v) atmosphere of CO2 at 37°C.
RNA extraction, reverse transcription, and qRT-PCR analysis
Total RNA was isolated from cell lines using TRIzol® reagent (15596-026, Invitrogen). A PrimeScript™ RT Master Mix (Perfect Real Time) kit (RR036A, Takara) was used to synthesize first-strand cDNA from total RNA. After that, SYBR Green real-time PCR assays were performed using ABI 7900HT (Applied Biosystems, USA). The expression level of RNA was normalized to the level of GAPDH. The primers for qRT-PCR analysis were synthesized by Huagene (Shanghai, PRC). qRT-PCR was used to detect AFP expression, using forward primer (5'-TGCAGCCAAAGTGAAGAGGGAAGA -3') and reverse primer (5'-CATAGCGAGCAGCCCAAAGAAGAA -3'). GAPDH was used as the internal reference (forward primer: 5'-GCACCGTCAAGGCTGAGAAC -3'; reverse primer: 5'-TGGTGAAGACGCCAGTGGA -3'). The RQ value was applied to analyze the relative changes in gene expression.
Western blot analysis
Total proteins from cells were extracted in lysis buffer (Pierce, Thermo Scientifc, USA), and the concentration was determined using the BCA protein assay kit (Pierce, Thermo Scientifc, USA). Cell lysates were electrophoresed on SDS-polyacrylamide gels and transferred onto polyvinylidene fluoride membranes (Millipore, Billerica, MA, USA). Membranes were blocked with 5% BSA in TBST buffer (0.1% Tween-20, 20 mM Tris-HCl pH 7.5, and 140 mM NaCl) and probed with primary antibodies (GAPDH from Abcam, and AFP from Affinity Biosciences) at 1:1000 dilution, followed by secondary antibody-horseradish peroxidase conjugate (from Affinity Biosciences). Bounded proteins were visualized using ECL (Pierce, Thermo Scientifc, USA) and detected using a BioImaging System.
CCK8 assay
We seeded 96-well plates with each group of cells at a density of 2000 cells per well and cultured for 24, 48, 72, 96, and 120 h, respectively. 10 μL of CCK8 solution was added to each well and incubated for 2 h at 37°C. Then, cell viability of each well was measured spectrophotometrically at 450 nm. The cell viability of different groups at each measuring time point was compared.
In vitro migration assay
The migration assay was conducted in a 24-well plate with Transwell chamber (Costar, Cambridge, MA) (BD Biosciences, San Jose, CA, USA). Briefly, 200 μL of cell suspensions (5×10 4 cells) prepared in serumfree medium was loaded in the upper well of the chamber, while 500 μL of medium containing 10% FBS was placed in the lower well as a chemoattractant stimulus. The chamber was incubated for 48 h at 37°C, and the nonmigratory cells in the upper chamber were removed with a cotton tip. The migrated cells on the bottom surface of the filter were fixed with 4% paraformaldehyde, stained with crystal violet, and then counted under a microscope in five randomly selected fields at ×100 magnification.
Results
Baseline characteristics
As shown in Table 1 , direct comparison between AFPP-CRC (n = 78) and AFPN-CRC (n= 4, 973) patients revealed significant differences in age (p = 0.034), location (p = 0.033), pathological grading (p = 0.025), pT (p = 0.001), M stage (p < 0.001), TNM stage (p < 0.001), and liver metastasis (p < 0.001). Patients with AFPP-CRC had a significantly higher incidence of younger age, rectum disease, poorly differentiated disease, advanced TNM stage, and liver metastasis. There were no differences for gender, histology type, pN, vascular invasion, neural invasion, and the number of retrieved lymph nodes. After PSM, all these baseline characteristics were well-balanced and no statistical significance was achieved. Table 1 . Baseline characteristics of AFP-positive and -negative patients before and after propensity score matching (PSM). P values are from Chi-square test and were significant at < 0.05. AFP: α-fetoprotein; TNM: Tumor, nodes, metastasis; LNH: lymph node harvested
Log-rank test comparing overall survival between two cohorts
During follow-up, 19 patients (24.4%) in the AFPP-CRC group died comparing to 607 patients (12.3%) in the AFPN-CRC group. Log-rank test confirmed overall survival (OS) was significantly different between the two groups (p = 0.001). Five-year survival rate in the unmatched cohort was 78.5% for AFPN-CRC and 64.7% for AFPP-CRC patients. After PSM, OS was still significantly different between the two groups (p = 0.01). Five-year survival rate was 86.9% for AFPN-CRC and 63.9% for AFPP-CRC patients. OS curves for the unmatched and PSM-groups were shown in Fig. 1 .
Cox regression analysis on overall survival of the unmatched and PSM-cohorts
In univariate analysis of the unmatched groups, older age (p = 0.012), poorly differentiated grade (p < 0.001), signet ring cell carcinoma (p < 0.001), presence of vascular invasion or neural invasion (p < 0.001), inadequate number of lymph nodes harvested (p = 0.002), AFP positivity (p = 0.001) and advanced TNM-stage (p < 0.001) were significantly negatively related to OS. In the multivariate model, all these variables remained significant except for histology type (p = 0.492) and AFP positivity (p = 0.097). After PSM, AFP-positivity was one of the strongest predictors of OS in the multivariate model (HR 4.11, CI 95%: 1.43-11.76, p = 0.009). Except for AFP positivity, only TNM stage (p = 0.002) was significantly related to OS. The results were displayed in Table 2 .
Cox regression analysis on OS of AFPP-CRC patients
We further investigated prognostic factors affecting prognosis in AFPP-CRC patients, as shown in Table 3 . Univariate and multivariate analyses revealed that the presence of liver metastasis was the only independent prognostic factor (HR 4.95, CI 95%: 1.48-16.48; P = 0.009).
Immunohistochemically-related results
Of 78 patients with elevated serum AFP levels, only 27 patients were available for immunohistochemically staining. Based on the staining results of AFP (see Fig. 2 ), patients were classified as AFP low (11 cases, 40.7%) and AFP high (16 cases, 59.3%), staining results of HGF and c-Met were provided in Supporting Information Fig. 3 and Fig. 4 . We plotted Kaplan-Meier curve depending on IHC subgroup (see Fig. 5 ), and found survival rate of the AFP high group was significantly lower than the AFP low group (p = 0.049), and survival rate (Fig. 6A ). CCK8 assay (Fig.  6B) showed cell growth rates in AFP-transfected cells and the control cells were not significantly different (p > 0.05). Transwell invasion assay (Fig. 6C ) revealed significantly increased cell motility with AFP overexpression, as compared with control cells (p < 0.05).
Discussion
Elevated levels of AFP, usually associated with hepatocellular carcinoma or embryonic cell carcinoma, have also been reported in tumors of several other organs, such as lung, kidney, ovary, and gastrointestinal tract [8] [9] [10] [11] [12] [13] . However, AFPP-CRC are extremely rarely seen. The reported cases of AFPP-CRC have generally occurred in middleaged to older men with the rectum most commonly affected. Most reported cases of AFPP-CRC had very poor prognosis due to liver or lymph node metastases at the time of diagnosis, and the serum AFP level is usually as high as several-thousand nanograms per milliliter [14] . Therefore, AFP could be considered as a potential marker for tumor activity and a predictor for survival.
Several studies focusing on AFP-producing gastric cancer (AFP-GC) have confirmed the aggressive clinical course and poorer prognosis of this unique subtype [18] [19] [20] [21] . Interestingly, there are similarities in AFPP-CRC and AFP-GC considering both groups rapidly progress and frequently metastasize to the liver. There is no standardized definition for AFP-GC so far. M. Inoue et al. included only patients with a preoperative AFP level > 40 µg/L or raised preoperative AFP level (10 -39 µg/L) with tumor biopsy positive for AFP [20] . Hirajima defined AFP positivity based on the immunohistochemical result irrespective of AFP levels [22] . Another analysis from Liu et al. combined immunohistochemical staining and preoperative serum AFP levels [21] . Reim et al. [19] included all patients with an AFP level > 10 µg/L, irrespective of the biopsy result, and this study demonstrates no statistical difference in OS between patients with positive immunohistochemical staining or just AFP elevation over 10 µg/L. Therefore, our study used preoperative elevation of AFP (> 10 µg/L) as a description of AFPP-CRC. Further studies are merited to define a clear definition of AFPP-CRC as a distinct clinical entity. The exact molecular mechanism that could explain the aggressive behavior of AFPproducing tumor remains elusive. Several studies showed that the integrity of hepatocyte growth factor (HGF) and its receptor (c-Met) could regulate cell proliferation and motility, promoting tumor progression [23] [24] [25] . In gastric cancer, Amemiya et al. [26] found that a higher frequency of c-Met expression was observed in AFP-producing gastric cancers comparing stage-matched gastric cancers that did not produce AFP. In colorectal cancer, a case study revealed all 3 cases in the study exhibited activation of the HGF/c-Met signaling pathway and speculated that autocrine HGF/c-Met activation may induce the dedifferentiation of common adenocarcinoma cells into stem cell state and produced AFP or hepatoid differentiation [16] . In our study, we found survival rate of the HGF high group was significantly lower than the HGF low group (p = 0.036), while survival rate of the c-Met high and c-Met low group didn't reach statistically significance (p = 0.16), which may be caused by small sample size. Besides, we found AFP expression was significantly positively correlated with HGF (correlation coefficient of spearman = 0.601) and c-Met (correlation coefficient of spearman = 0.558) expression, which further verified our hypothesis that the bad behavior of AFPP-CRC may be mediated by HGF/c-Met signaling pathway. Further studies are needed to confirm this hypothesis and therapies targeted to the HGF/c-Met signaling pathway may be potentially effective for the treatment of AFPP-CRC. The incidence of liver metastasis in AFP-positive group was significantly higher than that for negative group (P < 0.001). 30.8% of AFPP-CRC patients were diagnosed with liver metastasis preoperatively comparing with 7.6% in the AFP-negative group. In gastric cancer, patients with liver metastasis were found to be presented with a higher serum AFP level [21] . Besides, our study demonstrated the presence of liver metastasis was the only independent prognostic factor for OS in AFPP-CRC. Furthermore, we compared the baseline characteristics of AFP high and AFP low group, and found AFP high group showed significantly more liver metastasis (p = 0.013). Therefore, serum AFP level may be a reliable marker to pick out patients at the high risk of liver metastasis and this subgroup of patients may need more intensive follow up and liver metastasis should be specifically targeted in an effort to improve the prognosis of AFPP-CRC.
There are several limitations in this analysis. First, the data were analyzed retrospectively. Besides, we used AFP level > 10 µg/L as an inclusion criterion, however, it is important to remember that serum AFP levels may not rise in the early stages of AFPP-CRC in which a selection bias may be included. Despite of these limitations, previous publications consisted only case series and our study is the first report involving large sample size. We also introduced PSM to balance pronounced differences in baseline characteristics between two groups, which helped reduce the possible selection bias in observational studies.
Conclusion
In conclusion, AFP-producing CRC had aggressive behavior and their clinicopathologic features are quite different from the AFP-negative group. AFP-positivity is a significant negative predictor of overall survival in patients with colorectal cancer, which may be mediated by HGF/c-Met signaling pathway, and the presence of liver metastasis is the only independent prognostic factor in AFPP-CRC. A better understanding of the characteristics of AFPP-CRC at the cellular and molecular levels is merited for targeting optimal treatment in this unique subgroup.
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